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摘  要 







实验结果显示，经 1 μmol/L RA 处理之后，人成骨肉瘤 MG-63 细胞的增
殖受到了明显抑制，发生了 G0/G1 期阻滞，细胞形态改变的同时伴随着癌基因
c-myc、c-fos的表达下调和抑癌基因 Rb、p27的上调表达。并且 RA 能够促进
MG-63 细胞Ⅰ型胶原、骨钙蛋白、骨粘素和骨结节等骨特异性标志物的表达
和形成。选择性抽提整装透射电镜观察显示经 RA 处理后 MG-63 细胞的核基
质-中间纤维系统构型发生了恢复性变化，由肿瘤细胞核基质不规则聚积的纤
维结构转变为层次分明、精细发达的网状结构。双向凝胶电泳分析显示在 RA
诱导 MG-63 细胞分化前后存在 43 个差异表达的核基质蛋白，经质谱分析，
鉴定了其中的 25 个蛋白。其中在分化的 MG-63 细胞中表达下调的蛋白鉴定
为热休克蛋白 HSP70，Cyclin 折叠蛋白 1，actin，14 号染色体 ORF10 编码的
蛋白，转录延伸因子 A，nucleophosmin 蛋白，hnRNP A2/B1 和 prohibitin；表
达上调和新出现的蛋白质为锌指蛋白 ZNF710，ZYG11B 蛋白，孤儿核受体
NR1D2，RAS 家族 RAB3D 蛋白，Rb 结合蛋白 RBBP7，vimentin，泛素化水
解酶 UCH interacting protein，MHCⅠ类抗原，类 CDK 蛋白 3，免疫球蛋白超
家族成员 DORA 蛋白和泛素相关蛋白 sentrin 家族成员 SUMO-4。其中除


































































维甲酸诱导人成骨肉瘤 MG-63 细胞分化过程中核基质构型及其蛋白组成变化研究 
 3
ABSTRACT 
In this study, the Retinoic Acid (RA) was used to induce the human 
osteosarcoma MG-63 cells into differention and its effects were investigated by 
selective extraction-whole mount optic and transmission electron microscopy and 
techniques of proteomic. The differentially expressed nuclear matrix proteins were 
analyzed in order to explore the molecular mechanisms in a system level. 
The results revealed that the osteosarcoma MG-63 cells were induced into 
terminal differentiation after treated with 1 μmol/L RA as the proliferation of 
MG-63 cells were inhibited, and the cell cycle were arrested in G0/G1 phase. The 
malignant morphological and ultrastructural characteristics were reversed, while 
the expression level of oncogene was downregulated, and the expression level of 
tumor suppressor gene was upregulated. The bone morphological proteins, such as 
osteocalcin and osteonectin, were highly increased in the cytochemistry and 
immunocytochemistry assays.While calciums were accumulated on the surface of 
MG-63 cells And at the same time,the configuration of nuclear matrix-intermediate 
filament（NM-IF）was altered. Nuclear matrix proteins（NMPs）, selectively 
extracted from MG-63 cells treated with or without RA, were subjected to 
proteomic analysis.There were 25 of 43differentially expressed spots were 
identified, including the gene regulate factors, ubiquitination associated proteins, 
tumor associated gene products and proteins associated with remodeling of cellular 
configuration.Such as ZNF710,transcripton elongation A, hnRNP A2/B1,UCH 
interacting protein, SUMO-4,ZYG11B protein,Cyclin fold protein1,clk3,orphan 
nuclear receptorNR1D2, RAB3D, Rb-binding7, nucleophosmin, prohibitin, 















actin, HSP70, nucleophosmin and RBBP7, all other proteins were found as NMPs 
for the firist time. 
In conclusion, the configuration and composition of nuclear matrix were 
changed following the malignant phenotypic reversion, and it is possible to get a 
system understanding of the molecular mechanisms from the studies of nuclear 
matrix.  
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苷酸 8-cl-cAMP，抗癌抗生素类如丝裂霉素、放线菌素 D 等，佛波酯类化合
物等[8-11]。诱导分化物在体外实验中大多可诱导多种肿瘤细胞株分化，如 RA、
HMBA 可诱导人白血病、肝癌、胃癌、肺癌等细胞分化[12-15]，同一种肿瘤细





导分化中发挥重要作用。一些作者报道了 HMBA 能够诱导 MELC 细胞分化过
程中 DAG-PKC 途径激活，1，25 维生素 D3 和维生素 D3 的类似物通过 PI3K
途径和 AKT 途径诱导 HL-60 细胞分化[18-20]。即便同一种诱导物在诱导不同肿
瘤细胞分化中涉及的信号途径也有不同，如 RA 在诱导 HL-60 细胞分化时激
活 JNK/MAPK 信号途径[21]，而在其诱导乳腺癌 MCF-7 细胞分化过程中则通







致了 PML（promyelocytic leukemia）基因和 RARα基因的融合，PML-RARα
融合蛋白抑制基因的表达，使细胞分化受阻，是 APL 发生的原因，RA 通过





















急性早幼粒细胞白血病细胞株（acute promyelocytic leukemia，APL)NB4 细胞
分化机制时发现，有 169 个基因的表达发生变化，其中 100 个基因上调，68





































































































核基质中有少量 RNA 成分，这些 RNA 对维持三维网络结构是必须的。
经 RNA 酶处理后，三维结构发生很大改变，网络结构变得较为稀疏。有人提
出核基质的结构组分是以蛋白质为主的 RNP 复合物。在分离的核基质中常含
有 DNA，含量为核 DNA 总量的 1-2%，由于它们与核基质紧密结合而受到核
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